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DQGDWUDIILFDVVLJQPHQWPRGHODUHJHQHUDOO\UHTXLUHGIRUDFRPSOHWHGHVFULSWLRQRIWKHIORZVRQWKHZKROH
URDGVQHWZRUN%XWWKHVHPRGHOVDUHYHU\FRPSOH[DQGGHSHQGRQPDQ\SDUDPHWHUVVRPHRIWKHPKDYLQJ
DVWURQJ LQIOXHQFHRQ WKHUHVXOWV7RVWXG\KRZXQFHUWDLQWLHV IURPWKHVHPRGHOVDV UHJDUGV WUDIILF IORZV
DQG VSHHGVPD\ LQIOXHQFH WKH HVWLPDWLRQ RI SROOXWDQW HPLVVLRQV D VHQVLWLYLW\ DQDO\VLV ZDV FDUULHG RXW
6XFKXQFHUWDLQWLHVPD\FRPHIURPLWKHVFHQDULRGHILQLWLRQ2'PDWUL[YHKLFOHIOHHWFRPSRVLWLRQ«RU
IURPLL WKHFDOLEUDWLRQSURFHVVZKLFKPRVWO\FRQVLVWV LQ ILWWLQJ WKH VSHHGIORZFXUYHV IRUHDFK OLQNRU
W\SHRIOLQNVRIWKHURDGVQHWZRUN7KHSULQFLSOHVRIDVVLJQPHQWPRGHOVPD\DOVRLQWURGXFHELDVEXWWKLV
ZLOOEHGLVUHJDUGHGLQWKHSUHVHQWVWXG\

7UDQVSRUWPRGHODQGSROOXWDQWHPLVVLRQPRGHO

:HKDYHDSSOLHGWKHPRGHOVWRWKHVLPXODWLRQRIWUDIILFIORZDQGWUDIILFUHODWHGHPLVVLRQV0RGHOOLQJ
FKDLQLVEDVHGRQ1DQWHVURDGVQHWZRUNILJ7KLVZRUNLVSDUWRIWKH$15(YDO3'8SURMHFW0HVWD\HU
HWDO


)LJ0DSRIWKH1DQWHV0pWURSROHURDGVQHWZRUN
7UDIILF GDWD DUH REWDLQHG IURP D IRXUVWDJH WUDQVSRUWPRGHO DSSOLHG WR WKH FLW\ RI1DQWHV &(7(GH
O
2XHVW,QWKLVZRUNZHFRQVLGHUWKHDVVLJQPHQWPRGHO7KHRULJLQGHVWLQDWLRQ2'PDWUL[ZDV
HODERUDWHG LQ SUHYLRXV VWDJH RI WKH WUDQVSRUW PRGHO DQG LV WDNHQ LQWR DFFRXQW DV LQSXW GDWD 7KH
DVVLJQPHQWPRGHOLVEDVHGRQWKH:DUGURS¶VSULQFLSOHLHDGHWHUPLQLVWLFXVHURSWLPXPEDVHGRQWUDYHO
WLPHV GHULYHG IURP VSHHGIORZ FXUYHV 7KLV PRGHO LV FRXSOHG ZLWK D PRGHO IRU HVWLPDWLQJ SROOXWDQW
HPLVVLRQV IURP WKH URDG WUDIILF &RS&(7( &(7( 1RUPDQGLH &HQWUH 	 '$'7 'pSDUWHPHQW
$PpQDJHPHQW 'XUDEOH GHV 7HUULWRLUHV  ZKLFK LPSOHPHQWV WKH &23(57 PHWKRGRORJ\
&DOFXODWLRQV DUH FDUULHG RXW IRU WKH \HDU  7KH FRUUHVSRQGLQJ &,7(3$ YHKLFOH IOHHW FRPSRVLWLRQ
&,7(3$LVLPSOHPHQWHG/RFDOPHWHRURORJLFDOGDWDDQGWUDIILFGDWDIURPWKHWUDQVSRUWPRGHODUH
LPSOHPHQWHGIRUWKHFLW\RI1DQWHV

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6FHQDULRVDQGSDUDPHWHUVYDULDWLRQV

7R FKDUDFWHULVH WKH HIIHFW RI WKHGLIIHUHQW SDUDPHWHUV RI WKHPRGHOV RQ WUDIILF DQGRQ HVWLPDWLRQVRI
SROOXWDQW HPLVVLRQV SRWHQWLDO YDULDWLRQV RI WKHVH SDUDPHWHUV DUH GHILQHG DQG WHVWHG )LUVWO\ZH GHILQHG
SRWHQWLDO YDULDWLRQV OLQNHG WR WKH VFHQDULR GHILQLWLRQ7ZR SDUDPHWHUV DUH DQDO\VHG2'PDWUL[ DQG WKH
YHKLFOH IOHHW FRPSRVLWLRQ2'PDWUL[ LV D FHQWUDO HOHPHQW RI WKH WUDYHOPRGHO DQG WKLVPDWUL[ LV RIWHQ
PRGLILHG WR DQDO\VH WUDQVSRUW IDFLOLWLHV 7KH YHKLFOH IOHHW FRPSRVLWLRQ LV DOVR FRQVLGHUHG EHFDXVH LW LV
FKDQJLQJ FRQWLQXDOO\ DQG LW KDV D VLJQLILFDQW LPSDFW RQ SROOXWDQW HPLVVLRQV DV IOHHW UHQHZDO VWURQJO\
UHGXFHVSROOXWDQWHPLVVLRQV9HVWUHQJHWDOREVHUYHLQFRQVHTXHQFHDGHFUHDVHRI12[HPLVVLRQV
GXULQJGXH WR WKH VHWWLQJXSRI WKH(852SROOXWDQW HPLVVLRQ VWDQGDUGZLWK VXFFHVVLYH DQG
GHFUHDVLQJ OLPLWVRIHPLVVLRQV6HFRQGO\ZHGHILQHYDULDWLRQVGHSHQGLQJRQWKHFDOLEUDWLRQSURFHVVDQG
PDWKHPDWLFDOIRUPXODWLRQ$VWKHVSHHGIORZFXUYHVDUHKLJKO\VHQVLWLYHLQWUDIILFPRGHOZHDVVXPHWKDW
WKLV VHQVLWLYLW\ LV DOVR VLJQLILFDQW LQWR WKH FRXSOLQJ RI WKH WUDIILF DQG SROOXWDQW HPLVVLRQPRGHOV 7KXV
GLIIHUHQWDVVXPSWLRQVDQGFDOLEUDWLRQVRIWKLVFXUYHDUHWHVWHG
7KH 5HIHUHQFH 6FHQDULR LV FRPSRVHG E\ D UHIHUHQFH 2' PDWUL[ D  &,7(3$ YHKLFOH IOHHW
FRPSRVLWLRQDQGFDOLEUDWHG%35VSHHGIORZFXUYHVHT

'HPDQG6FHQDULR

$Q2ULJLQ'HVWLQDWLRQPDWUL[LVDWDEOHZLWK,OLQHVDQG-FROXPQV7LMHOHPHQWVUHSUHVHQWWKHQXPEHU
RIWUDYHOIURPLDUHDWRMDUHDGXULQJDWLPHN7KLVPDWUL[UHSUHVHQWVWUDIILFGHPDQGH[SUHVVHGLQYHKLFOHV
XQLWV 2' PDWUL[ HVWLPDWLRQ PHWKRGV DUH QRW UHDOO\ DFFXUDWH EHFDXVH RQO\ WUDIILF IORZV FDQ EH HDVLO\
REVHUYHGRQWKHFRQWUDU\WRYHKLFOHVURXWHVZKLFKDUHGLIILFXOWWRREVHUYH2'PDWULFHVDUHWKXVHVWLPDWHG
IURPGHULYDWLYHREVHUYDWLRQWUDYHOVXUYH\VHQWURS\PHWKRG7KLVLQGXFHVDKLJKOHYHORIXQFHUWDLQW\,W
LVGLIILFXOWWRHYDOXDWHWKHSRWHQWLDOXQFHUWDLQW\RIWKLVFRPSOH[VWDJH:HGHFLGHGWRWDNHLQWRDFFRXQWD
K\SRWKHWLFXQFHUWDLQW\UDWHRI7KLVLVFRKHUHQWZLWKQRWHGHUURUVDIWHUWKHFDOLEUDWLRQRIWKHPRGHO
ZKLFKDUHRIRQDYHUDJHEHWZHHQREVHUYHG WUDIILFFRXQWVDQGPRGHOOHG WUDIILF &(7(GH O
2XHVW
$VFHQDULRZLWKDKRPRJHQHRXVLQFUHDVHRIRIWKHRYHUDOOWUDYHOGHPDQGLVWKXVVLPXODWHG

9HKLFOHIOHHWFRPSRVLWLRQ6FHQDULR

'HWHUPLQLQJWKHDFWXDOFRPSRVLWLRQRIWKHYHKLFOHIOHHWLQLWVGLYHUVLW\DQGVL]HVLQGXFHVWKHZRUNLQJ
RXWRIPDQ\GDWDDVVXPSWLRQVDQGWKHFRPELQLQJRIKHWHURJHQHRXVRUSDUWLDOVWDWLVWLFV)RUH[DPSOHWKH
,)677$5YHKLFOHIOHHWFRPSRVLWLRQLVEXLOWXSIURPOLFHQVHUHJLVWUDWLRQGDWDDQGLPSOLHVDGLVDJJUHJDWLRQ
LQWRGHWDLOHGFODVVLILFDWLRQDFFRUGLQJWRWHFKQRORJLHVIXHOVHPLVVLRQVWDQGDUGVVL]HVYHKLFOHVVXUYLYDO
DVVXPSWLRQVHWF7KHQWKHRQWKHURDGYHKLFOHIOHHWFRPSRVLWLRQLVHVWLPDWHGE\FRPELQLQJWKHSUHYLRXV
UHVXOWVVWDWLFIOHHWDQGYHKLFOHVXVDJHSDUDPHWHUVDQQXDOPLOHDJHDVUHJDUGVYHKLFOHW\SHVDQGDJHDQG
LWVGLVWULEXWLRQLQXUEDQUXUDODUHDVHWF
'LIIHUHQW YHKLFOH IOHHW FRPSRVLWLRQV H[LVW 7KH\ DUH EDVHG RQ GLIIHUHQW DVVXPSWLRQV DQG WKH\ DUH
FRPSXWHGE\GLIIHUHQWLQVWLWXWHV5HIHUHQFH6FHQDULRLVEDVHGRQ&,7(3$YHKLFOHIOHHWFRPSRVLWLRQ
$ ,)677$5YHKLFOH IOHHW FRPSRVLWLRQGHULYHG IURP +XJUHO	-RXPDUGXSGDWHG LQ
H[LVWV:HGHFLGHGWRFRPSDUHSROOXWDQWHPLVVLRQVUHVXOWLQJIURPWKHVHWZRVFHQDULRV

1RQFDOLEUDWHG6SHHG)ORZ&XUYHV6FHQDULR

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6SHHGIORZFXUYHVDUHXVHGLQWUDQVSRUWPRGHOVWRHVWLPDWHWUDIILFIORZDQGYHKLFOHVSHHGRQHDFKOLQN
RIWKHURDGVQHWZRUNGXULQJDGHILQHGWLPHSHULRG7KHVHFXUYHVDUHDQLPSRUWDQWSDUWRIWKHDVVLJQPHQW
PRGHOEHFDXVHWKH\GHILQHWKHUHODWLRQEHWZHHQWUDYHOWLPHVDQGIORZV7KHVHFXUYHVDUHKRZHYHUUDUHO\
YDOLGDWHGDWD ORFDOVFDOH %RQQHOGpFHPEUHEHFDXVH WKHQHFHVVDU\GDWDDUHQRWDOZD\VDYDLODEOH
*HQHUDOO\PRGHOOHUVXVHFXUYHVWKDWZHUHFDOLEUDWHGIRURWKHUFDVHVDQGSODFHV
7KHPRGHOIRUWUDIILFDVVLJQPHQWWDNHVLQWRDFFRXQW%35VSHHGIORZFXUYHVHT7KH%35FXUYHV
ZHUHGHYHORSHGE\WKH%XUHDXRI3XEOLF5RDGLWLVSDUDEROLFLQVKDSHDQGDOORZVWRGLVWLQJXLVKWKHQRQ
VDWXUDWHG DQG WKH VDWXUDWHG VLWXDWLRQV WKH VDWXUDWLRQ EHLQJ GHILQHG E\ WKH YROXPHFDSDFLW\ UDWLR
7UDGLWLRQDOO\WKHVHFXUYHVDUHXVHGIRUWUDYHOPRGHOV6LQJK

      

:KHUH LVWKHDYHUDJHWUDYHOWLPHSHUXQLWGLVWDQFHKRXUVNP LVWKHIUHHIORZWUDYHOWLPHSHUXQLW
GLVWDQFH KRXUVNP LV WKH GHPDQG YROXPH YHKLFOHV SHU KRXU LV WKH PD[LPXP FDSDFLW\
YHKLFOHVSHUKRXUDQG   DQG DUHWKHFDOLEUDWLRQFRHIILFLHQWV

,Q D ILUVW UXQ ZH XVHG QRQFDOLEUDWHG FXUYHV 7UDIILF LQGLFDWRUV UHVXOW WKXV IURP D VLPXODWLRQ ZLWK
FRHIILFLHQWFRUUHVSRQGLQJWRWKHQRQFDOLEUDWHGFXUYHVHH7DE
7DEOH&RHIILFLHQWYDOXHVIRU%35FXUYHV
 1RQFDOLEUDWHGFXUYH &DOLEUDWHGFXUYH
 D EDQGE¶ D E E¶ F
)DVWODQHVDQGULQJURDGV      
%RXOHYDUGV      
6WUHHWV      
5LQJURDGV      

,Q D VHFRQG VWHS VSHHGGDWD H[SHULHQFHGRQ WKH1DQWHV ULQJ URDGZHUH UHFRUGHG DQG WKDW HQDEOHV D
FDOLEUDWLRQRI WKHFRUUHVSRQGLQJVSHHGIORZFXUYHV7RFDOLEUDWH WKHVSHHGIORZFXUYHV WKH WUDYHO WLPHV
FDOFXODWHGE\WKHPRGHODUHFRPSDUHGWRWKHREVHUYHGWUDYHOWLPHVRQVHYHUDOULQJURDGOLQNVWRGHWHUPLQH
LI WKHFRGHG OLQN VSHHGVDUHDFFXUDWHO\ UHIOHFWLQJ WUDIILF IORZFRQGLWLRQV ,W VKRXOGEHQRWHG WKDW VXFKD
FDOLEUDWLRQ FDQQRW EH SHUIRUPHG RQ DOO WKH QHWZRUN OLQNV1HZ FRHIILFLHQWV DUH DGMXVWHG WKLV ZD\ 7KH
FRPSDULVRQRIWKHUHVXOWLQJFXUYHVZLWKWKHVWDQGDUGRQHVLVVKRZQLQILJ

$NoHOLN6SHHG)ORZ&XUYHV6FHQDULR

6SHHGIORZFXUYHVDUHKLJKO\ VHQVLWLYHSDUDPHWHUVRI WKH WUDYHOPRGHOV7KH VHQVLWLYLW\RI WKH WUDIILF
DQG HVWLPDWLRQV RI SROOXWDQW HPLVVLRQV DV UHJDUGV VXFK FXUYHV LV DQDO\VHG$ FXUYHZKLFK LV EDVHG RQ
VRPHGLIIHUHQW DVVXPSWLRQV LV DSSOLHG WR WKH WUDIILF DVVLJQPHQWPRGHO7KH$NoHOLN IXQFWLRQ $NoHOLN
LVDVIROORZV
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
      

:KHUH LVWKHDYHUDJHWUDYHOWLPHSHUXQLWGLVWDQFHKRXUVNP LVWKHIUHHIORZWUDYHOWLPHSHUXQLW
GLVWDQFH KRXUVNP LV WKH VDWXUDWLRQ UDWH LV WKH IORZSHULRG LH WKH WLPH LQWHUYDO LQ KRXUV GXULQJ
ZKLFKDQDYHUDJHDUULYDOGHPDQGIORZUDWHSHUVLVWVDQG-LVWKHGHOD\SDUDPHWHU

7KH$NoHOLNHTXDWLRQLVDWLPHGHSHQGHQWPRGLILHGIRUPRIWKH'DYLGVRQ¶VIXQFWLRQ$NoHOLNWR
PRGHOIORZVQHDUDQGDERYHWKHVWUHHWFDSDFLW\7KLVFXUYHLVEDVHGRQWKHTXHXLQJWKHRU\DVVXPHVWKDW
VSHHG GHSHQGV RQ OLQN OHQJWK DQG VDWXUDWLRQ UDWH DQG FRXOG DOORZ D EHWWHU WDNLQJ LQWR DFFRXQW RI WKH
FRQJHVWLRQ HIIHFWV WKDQNV WR D GHOD\ SDUDPHWHU FRUUHVSRQGLQJ WR WKH FURVVLQJ WLPH DW WKH LQWHUVHFWLRQV
'RZOLQJ$VVRFLDWHV,QF7KLVFXUYHVKRXOGSURYLGHPRUHUHDOLVWLFUHVXOWV$FFRUGLQJWR1DWLRQDO
&RRSHUDWLYH+LJKZD\5HVHDUFK3URJUDP$NoHOLNVSHHGIORZHVWLPDWHVPRUHDFFXUDWHO\WKHWUDYHO
GHOD\ HIIHFWV RI WUDIILF FRQJHVWLRQ WKDQRWKHU FXUYHV 'RZOLQJ6LQJK	&KHQJ  FRPSDUHG%35
DQG $NoHOLN FXUYHV ZLWK ILHOG GDWD DQG FRQFOXGHG WKDW WKH %35 FXUYHV XQGHUHVWLPDWH VSHHGV IRU D
VDWXUDWLRQ UDWHZKLFK UDQJHV IURP WRDQGRYHUHVWLPDWH VSHHGVZKHQ WKHGHPDQGH[FHHGV WKH URDG
FDSDFLW\
$NoHOLNFXUYHVGHOD\SDUDPHWHUVXVHG LQRXU VWXG\DUHGHULYHGIURP1DWLRQDO&RRSHUDWLYH+LJKZD\
5HVHDUFK3URJUDP(OHYHQSDUDPHWHUVDUHGHILQHGGHSHQGLQJRQVWUHHWW\SHDQGFDSDFLW\
$FRPSDULVRQEHWZHHQGLIIHUHQWVSHHGIORZFXUYHVVKDSHVLVVKRZQILJ1RQFDOLEUDWHG%35FXUYH
UDSLGO\ GHFUHDVHV ZKHQ WKH VDWXUDWLRQ UDWH LV DURXQG  LH WKH VSHHG VWDUWV WR GHFUHDVH ZKHQ WKH
YROXPHFDSDFLW\ UDWLR UHDFKHV WKLV OLPLW2Q WKH RWKHU KDQG WKH FDOLEUDWHG%35 FXUYH GHFUHDVHV DIWHU
DQGWKH$NoHOLNFXUYHGHFUHDVHVPRUHVXGGHQO\DWRIVDWXUDWLRQ
)LJ6SHHGIORZFXUYHV
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
6WDWLVWLFDOPRGHO

'LIIHUHQWVFHQDULRVDUHHODERUDWHGDQGFRPSXWHG9DULDWLRQVRIWUDIILFDQGSROOXWDQWHPLVVLRQLQGLFDWRUV
DUHVWXGLHGIRUWKHGLIIHUHQWVFHQDULRV7KHQDVWDWLVWLFDODQDO\VLVOLQHDUUHJUHVVLRQLVFDUULHGRXWWRWHVW
WKH VLJQLILFDQFH RI WKH LPSDFW RI WKH GLIIHUHQW LQSXW SDUDPHWHUV DV UHJDUGV WKHLU LPSDFW RQ WUDIILF DQG
SROOXWDQWHPLVVLRQVUHVXOWV2ZLQJWRDVPDOOQXPEHURIREVHUYDWLRQVLWLVQRWSRVVLEOHWRXVHDVWDWLVWLFDO
PRGHOLQFOXGLQJDOOWKHLQSXWSDUDPHWHUV$VWDWLVWLFDOPRGHOIRUHDFKLQSXWSDUDPHWHULVDSSOLHG3YDOXH
LVXVHGWRFKDUDFWHUL]HWKHLQIOXHQFHRIWKHGLIIHUHQWVFHQDULRVRQWUDIILFDQGHPLVVLRQLQGLFDWRUV

7UDIILFUHVXOWV

,QDILUVW WLPHZHDQDO\VHWUDIILFLQGLFDWRUVPHDQVSHHGDQGWUDIILFYROXPHIRUWKHGLIIHUHQWVWXGLHG
VFHQDULRV DQG IRU WKH 0RUQLQJ 3HDN +RXUV  DP 5HVXOWV DUH SUHVHQWHG IRU WKH ZKROH 1DQWHV
0HWURSROHDUHD
7DEOH9DULDWLRQVRIWKHWUDIILFLQGLFDWRUVDVUHJDUGWKH5HIHUHQFH6FHQDULRIRUWKH0RUQLQJ3HDN+RXUV
 5HIHUHQFH 'HPDQG 1RQFDOLEUDWHG6)& $NFHOLN6)&
  9DOXH 9DULDWLRQ 9DOXH 9DULDWLRQ 9DOXH 9DULDWLRQ
0HDQ6SHHGNPK       
9HKNPYHKNP[       



)LJ6SHHGVGLVWULEXWLRQDW0RUQLQJ3HDN+RXUVIRUWKH$NoHOLN6)&6FHQDULROHIWDQGIRUWKH5HIHUHQFH6FHQDULRULJKW
6SHHGVIRUWKH$NoHOLN6)&6FHQDULRDUHJHQHUDOO\ORZHUWKDQWKHVSHHGVUHFRUGHGIRUWKH5HIHUHQFH6FHQDULRRQWKHFLW\
FHQWUHURDGV
7KHWDEOHVKRZVWKDWWKH$NoHOLN6)&VFHQDULROHGVWRDVWURQJGHFUHDVHRIWKHRYHUDOOPHDQVSHHGE\
DERXW7KHVSHHGGHFUHDVHLVPDLQO\REVHUYHGLQWKHFLW\FHQWUHILJ,QGHHGRQWKHFLW\FHQWUH
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VWUHHWVWKHFDSDFLW\LVORZDQGZKHQWKHGHPDQGH[FHHGVWKHFDSDFLW\WKHVSHHGGHFUHDVHVVXGGHQO\GXH
WRWKHVKDSHRIWKHFXUYH0RUHRYHUWKHFURVVLQJGHOD\VWDNHQLQWRDFFRXQWLQWKH$NoHOLNHTXDWLRQFXUYH
DOVR UHGXFH WKH VSHHG RQ WKH FLW\ FHQWUH VWUHHWV:H DOVR QRWLFH WKH HIIHFW RI QRQFDOLEUDWHG FXUYHV RQ
VSHHGVWKXVLQGXFHVDVSHHGLQFUHDVHRIDERXW
,QWKH7UDYHO'HPDQG6FHQDULRWKHLQFUHDVHRIWUDYHOGHPDQGPHFKDQLFDOO\LQGXFHVDKLJKHUQXPEHU
RIWUDYHODQGWRWDOWUDYHOGLVWDQFH7KHLQFUHDVHRIWUDIILFIOX[LQGXFHVDGHFUHDVHRIPHDQVSHHG
9DULDWLRQVLQGXFHGE\WKHVKDSHRIWKH6)&WKHQRQFDOLEUDWHG6)&DQGWKH$NoHOLN6)&VFHQDULRV
DUHTXLWHLPSRUWDQWIURPWRIRUVSHHG$QGWKDWGHPRQVWUDWHVWKHQHFHVVLW\RIDFDOLEUDWLRQRIWKLV
FXUYH FDOLEUDWLRQ WKDW LV UDUHO\ GRQH GXH WR WKH QHHG RI LQVLWX GDWD0RUHRYHU ZKLOH LW LV SRVVLEOH WR
FDOLEUDWHFXUYHSDUDPHWHUV IRU IDVW ODQHVXVLQJ WUDYHO WLPH LW LVTXLWHGLIILFXOW WRFDOLEUDWH WKHP IRUFLW\
FHQWUHURDGVGXHWRWKHODUJHQXPEHURILQWHUVHFWLRQVDQGWKHSRWHQWLDOLPSDFWRIWUDIILFVLJQDOV

,Q WKH FRQWH[W RI HQYLURQPHQWDO DVVHVVPHQWRI WUDQVSRUWDWLRQSROLFLHV WKHREVHUYHG YDULDELOLW\ FRXOG
DSSHDU DV D GUDZEDFN ,QGHHG UHVXOWV REVHUYHGRQRWKHU VFHQDULRV DVZLWKRUZLWKRXW%XV UDSLG WUDQVLW
VKRZ WKDW WKHPD[LPXPREVHUYHGYDULDELOLW\ UHDFKHV7KHQYDULDELOLW\ IURPPRGHO K\SRWKHVLV LV
KLJKHU WKDQ YDULDELOLW\ GXH WR FRQWUDVW WUDQVSRUWDWLRQ IDFLOLWLHV 6FHQDULR 7KLV REVHUYDWLRQ UDLVHV XS
LQWHUSUHWDWLRQGLIILFXOWLHVIRUWKHVHIDFLOLWLHV

6WDWLVWLFDODQDO\VLV

,QDVHFRQGWLPHZHDQDO\VHYDULDWLRQVRISROOXWDQWHPLVVLRQV7DE
7DEOH9DULDWLRQVRISROOXWDQWHPLVVLRQVLQGXFHGE\HDFK6FHQDULRFRPSDUHGWRWKH5HIHUHQFH6FHQDULR
 
6HQVLWLYLW\WR
WKHGHPDQG 9DULDWLRQVRQVSHHGIORZFXUYH
 5HIHUHQFH 'HPDQG
1RQFDOLEUDWHG
6)& $NoHOLN6)&
)OHHW
FRPSRVLWLRQ
&2
WRQ     
12[
WRQ     
30
WRQ     
9HKNP
[     
6SHHG
NPK     

7KH'HPDQG6FHQDULRSUHVHQWVWKHODUJHVWYDULDWLRQFRPSDUHGWRWKH5HIHUHQFH6FHQDULRIRUDOO
SROOXWDQWV 7KLV 6FHQDULR LQGXFHV YDULDWLRQV RI WUDIILF DQG VSHHG RI DERXW  %XW WKLV RQH LQGXFHV
YDULDWLRQVRISROOXWDQWHPLVVLRQVEHWZHHQDQGGHSHQGLQJRQSROOXWDQW$VWKHVWDWLFWUDQVSRUWDWLRQ
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PRGHOGRHVQRWFRQVLGHUFRQJHVWLRQHIIHFWVSROOXWDQWHPLVVLRQVWKDWFDQEHLQGXFHGE\WKHPXOWLSOLFDWLRQ
RI GLIIHUHQW GULYLQJ SKDVH DFFHOHUDWLRQ DQG GHFHOHUDWLRQ FDQQRW EH FKDUDFWHULVHG $QG \HW IRU WKLV
VFHQDULRWKHLQFUHDVHRIWUDIILFDQGWKHGHFUHDVHRIWKHPHDQVSHHGFRXOGUHIOHFWDQLQFUHDVHRIFRQJHVWLRQ
HIIHFWV,QWKLVFDVHSROOXWDQWHPLVVLRQVIURPWKHPRGHOFRXOGEHELDVHGE\WKLVDSSUR[LPDWLRQ
7KH )OHHW &RPSRVLWLRQ 6FHQDULR LQGXFHV ORZ YDULDWLRQV RQ SROOXWDQW HPLVVLRQV 7KLV UHVXOW FRXOG
LQGLFDWHWKDWWKLVSDUDPHWHULVOHVVVHQVLWLYHWKDQWKHRWKHUVGHPDQGDQG6)&6FHQDULRV
7KH$NoHOLN6FHQDULRLQGXFHVWKHODUJHVWYDULDWLRQRIVSHHGEXWWKLVRQHLQGXFHVYDULDWLRQVRI
SROOXWDQWHPLVVLRQVRIRQO\VRPHSHUFHQWV7KDWLVILUVWO\H[SODLQHGE\ WKHVKDSHRIHPLVVLRQYVVSHHGV
FXUYHV RI UHFHQW YHKLFOH IOHHW FRPSRVLWLRQ 7KHVH FXUYHV DUH LQGHHGPRUH DQGPRUH IODW DV WKH SDUW RI
YHKLFOHV UHVSHFWLQJ QHZ(852SROOXWDQW HPLVVLRQ VWDQGDUGV LQFUHDVHV7KXV WKH LQIOXHQFHRI VSHHGRQ
YDULDWLRQVRISROOXWDQWHPLVVLRQVLVPRUHDQGPRUHUHGXFHG7KDWH[SODLQVWKDWIRUWKH$NoHOLN6FHQDULR
YDULDWLRQVRIVSHHGVDVUHJDUGVWKH5HIHUHQFH6FHQDULRLVLPSRUWDQWEXWYDULDWLRQVRISROOXWDQWHPLVVLRQV
DUHORZ
7KH 1RQ&DOLEUDWHG 6FHQDULR LQGXFHV KLJK YDULDWLRQV RQ VSHHG DQG ORZ YDULDWLRQV RI SROOXWDQW
HPLVVLRQV7KHH[SODQDWLRQVRXWOLQHGIRU$NFHOLN6FHQDULRDUHXQFKDQJHGIRUWKLV6FHQDULR7KDWFRXOGEH
FRQILUPHGWKDWVSHHGVKDYHORZHIIHFWRQYDULDWLRQVRISROOXWDQWHPLVVLRQVUHVXOWLQJLQRXUVWXG\IURPD
SROOXWDQWHPLVVLRQVPRGHOEDVHGRQPHDQVSHHG
5HJUHVVLRQDQDO\VLVUHVXOWVWDEDQGFRUURERUDWHYDULDWLRQVSUHVHQWHGLQWDE7KLVDQDO\VLVVKRZ
WKHVLJQLILFDQWLQIOXHQFHRIWKHYDULDWLRQVRIWUDYHOGHPDQGRQYDULDWLRQVRIWUDIILF39DOXH :KHQ
WKH GHPDQG LQFUHDVHV WKH QXPEHU RI WUDYHOV RU WULS OHQJWK LQFUHDVHV WUDIILF WKHQ LQFUHDVHV WKHVH WZR
SDUDPHWHUVWUDYHOGHPDQGDQGWUDIILFDUHORJLFDOO\OLQNHG2WKHUVFHQDULRVKDYHDORZLQIOXHQFHRQWUDIILF
39DOXHVUDQJHIURPWR$OWKRXJK$NFHOLN6)&6FHQDULRLQGXFHKLJKYDULDWLRQVRIVSHHGWKH
YDULDWLRQ RI 6)& VKDSH KDYH QRW D VLJQLILFDQW LQIOXHQFH RQ VSHHGV 7KDW FRXOG EH H[SODLQHG EHFDXVH
YDULDWLRQV RI VSHHGV LQGXFHG E\ RWKHUV VFHQDULR DUH KLJK 9DULDWLRQV RI &2 12[ DQG 30 SROOXWDQW
HPLVVLRQVDUHQRWVLJQLILFDQWO\LQIOXHQFHGE\RQHVFHQDULRLQSDUWLFXODU
7DEOH5HVXOWVIRUWKHGLIIHUHQWVFHQDULRVXVHGLQDUHJUHVVLRQDSSURDFK


2EVHUYDWLRQV 'HPDQG &DOLEUDWLRQ &XUYH )OHHW &2WRQ 12[WRQ 30WRQ YHKNP[ 6SHHGNPK
5HIHUHQFH ,QLWLDO \HV %35 &,7(3$     
'HPDQG  \HV %35 &,7(3$     
1RQFDOLEUDWHG
6)& ,QLWLDO QR %35 &,7(3$     
$NoHOLN6)& ,QLWLDO \HV $NoHOLN &,7(3$     
)OHHW
FRPSRVLWLRQ ,QLWLDO \HV %35

,)677$5     
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7DEOH5HVXOWVIURPWKHUHJUHVVLRQDQDO\VLVRIWKHGLIIHUHQWVFHQDULRVZLWK3YDOXHLQEUDFNHWV161RQVLJQLILFDQWLQIOXHQFH


'LVFXVVLRQ
7KHVH UHVXOWV FRQVWLWXWH D SUHOLPLQDU\ VHQVLWLYLW\ DQDO\VLV DQG KLJKOLJKW WKDW GHPDQG LV D KLJKO\
VHQVLWLYH SDUDPHWHU:H KDYH WDNHQ LQWR DFFRXQW GLIIHUHQW SRWHQWLDO XQFHUWDLQW\ VRXUFHV ZKLFK ZRXOG
MXVWLI\ VXFK D VHQVLWLYLW\ DQDO\VLV RIPRGHOV DQGZH KDYH VHOHFWHG D FRXSOH RI SDUDPHWHUV EXW VHYHUDO
FRPSOHPHQWDU\SDUDPHWHUVVKRXOGDOVREHFRQVLGHUHG,QWKHFRQWH[WRIDJOREDOVHQVLWLYLW\DQDO\VLVRID
WUDQVSRUWDWLRQPRGHO1LFRODVFRPSDUHGWZRDVVLJQPHQWSURFHVVHV:DUGURS¶VSULQFLSOHDQGDOO
RUQRWKLQJ SULQFLSOH +H REWDLQHG YDULDWLRQV RI DURXQG  DQG  RQ WUDIILF 7KDW VKRZV WKDW RWKHU
SDUDPHWHUVFDQEHDVVHQVLEOHDVWKRVHVWXGLHGLQWKLVZRUN
6RPH OLPLWDWLRQV RI WKLVZRUN FRXOG EH QRWLFHG DQG FRQVWLWXWH HOHPHQWVZKLFK QHHG FRPSOHPHQWDU\
ZRUNWRFRQILUPRXUUHVXOWV)LUVWDQGIRUHPRVWDVZHFKDQJHRQO\RQHSDUDPHWHURQHVFHQDULRGHILQLWLRQ
RURQHSDUWLFXODU6)&LQRQHUXQDQGZHGRQRWFRQVLGHUWKXVWKHLULQWHUDFWLRQZKLFKDUHFHUWDLQUHVXOWV
PXVWEHLQWHUSUHWHGZLWKFDXWLRQDQGPLJKWEHFRQILUPHGZLWKFRPSOHPHQWDU\H[SHULPHQWDWLRQV6HFRQGO\
DQDO\VHG VFHQDULRV DUH EDVHG RQ SRWHQWLDO YDULDWLRQV RI WKH GLIIHUHQW SDUDPHWHUV GHPDQG 6)& IOHHW
FRPSRVLWLRQ 7KHVH SRWHQWLDO YDULDWLRQV LQIOXHQFH UHVXOWV$PRVW FRPSOHWHZRUN DERXW WKHVH SRWHQWLDO
YDULDWLRQVFRXOGVXSSRUWRXU UHVXOWV/DVWO\ WKHPRGHO LVRQO\FDOLEUDWHGRQ WKH5HIHUHQFH6FHQDULRDQG
QRWIRUWKHRWKHUVFHQDULRVZKHUHDVWKHGLVWRUWLRQREWDLQHGZLWKDFDOLEUDWLRQFRXOGEHLPSRUWDQW

5HIHUHQFHV

$NoHOLN57UDYHO7LPH)XQFWLRQVIRU7UDQVSRUW3ODQQLQJ3XUSRVHV'DYLGVRQ
V)XQFWLRQLWV7LPH'HSHQGHQW)RUPDQGDQ
$OWHUQDWLYH7UDYHO7LPH)XQFWLRQ$XVWUDOLDQ5RDG5HVHDUFK

%RQQHO33UpYLVLRQGHODGHPDQGHGHWUDQVSRUW/DERUDWRLUHG
(FRQRPLHGHV7UDQVSRUWV(173(8QLYHUVLWp/XPLqUH
/\RQ&156

&(7(GHO
2XHVW(YDO3'8/LYUDEOH/1RWHPpWKRGRORJLTXH0RGpOLVDWLRQGHVGpSODFHPHQWVHWGXWUDILF

&(7(1RUPDQGLH&HQWUH	'$'7'pSDUWHPHQW$PpQDJHPHQW'XUDEOHGHV7HUULWRLUHV&23&(7(Y2XWLOGH&DOFXOGHV
(PLVVLRQV3ROOXDQWHVG
2ULJLQH5RXWLqUH1RWLFHG
XWLOLVDWLRQ

&,7(3$3DUFVWDWLTXHHWURXODQWHWSRXU&23(57LQYHQWDLUHQDWLRQDO

'RZOLQJ$VVRFLDWHV,QF$UWHULDO6SHHG6WXG\
 'HPDQG 1RQFDOLEUDWHG6)& $NoHOLN6)& 8SGDWHG)OHHWFRPSRVLWLRQ
&2WRQ 16 16 16 16
12[WRQ 16 16 16 16
30WRQ 16 16 16 16
YHKNP 6LJQLILFDQW 16 16 16
6SHHG 16 16 16 16
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
'RZOLQJ5*6LQJK5	&KHQJ::.$FFXUDF\DQG3HUIRUPDQFHRI,PSURYHG6SHHG)ORZ&XUYHV
7UDQVSRUWDWLRQ5HVHDUFK5HFRUG-RXUQDORIWKH7UDQVSRUWDWLRQ5HVHDUFK%RDUG

+XJUHO&	-RXPDUG57UDQVSRUWURXWLHU3DUFXVDJHHWpPLVVLRQVGHVYpKLFXOHVHQ)UDQFHGHj,15(76

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